Presynaptic NMDA receptors (preNMDARs) play pivotal roles in excitatory neurotransmission and synaptic plasticity. They facilitate presynaptic neurotransmitter release and modulate mechanisms controlling synaptic maturation and plasticity during formative periods of brain development. There is an increasing understanding of the roles of preNMDARs in experience-dependent synaptic and circuit-specific computation. In this review we summarize the latest understanding of compartment-specific expression and function of preNMDARs, and how they contribute to synapse-specific and circuit-level information processing.
Presynaptic NMDA receptors (preNMDARs) play pivotal roles in excitatory neurotransmission and synaptic plasticity. They facilitate presynaptic neurotransmitter release and modulate mechanisms controlling synaptic maturation and plasticity during formative periods of brain development. There is an increasing understanding of the roles of preNMDARs in experience-dependent synaptic and circuit-specific computation. In this review we summarize the latest understanding of compartment-specific expression and function of preNMDARs, and how they contribute to synapse-specific and circuit-level information processing.
PreNMDARs Influence Synaptic Transmission and Short-and Long-Term Plasticity N-methyl-D-aspartate receptors (NMDARs; see Glossary) are ligand-gated ionotropic glutamate receptors that are crucial for functions ranging from excitatory synaptic transmission and coincidence detection in Hebbian plasticity at a cellular level to the complexities of information processing, learning, and memory at a systems level in the mammalian central nervous system [1] [2] [3] . NMDARs are traditionally thought to be located postsynaptically, and the existence and functional roles of such receptors on the presynaptic side of the synapse have been less well studied. However, anatomical and physiological evidence demonstrates the presence of presynaptic NMDARs (preNMDARs) that powerfully shape synaptic transmission and plasticity [4, 5] . Although a role for preNMDARs in neurotransmitter release was first suggested more than 20 years ago [6, 7] , important questions regarding the synapse-specific expression and functions of preNMDARs remain.
PreNMDARs can influence short-term plasticity and neurotransmitter release, and, like their postsynaptic counterparts, are crucial in mediating some forms of long-term synaptic plasticity including long-term depression (LTD). PreNMDARs are required for the induction of spike timing-dependent LTD (t-LTD) [8] [9] [10] [11] [12] and a novel form of presynaptic spike pattern-dependent LTD (p-LTD) in sensory cortices [13] , underscoring their potential importance in synaptic pruning and circuit homeostasis. PreNMDARs are also required for long-term potentiation (LTP) at cortical projections to the amygdala and striatum [14, 15] , and may contribute to the presynaptic enhancement of glutamate release at CA3-to-CA1 synapses that occurs after LTP induction [16] . The general properties of preNMDARs and their discovery from a historical perspective have previously been reviewed [4, 5, 17, 18] . We summarize here the latest Trends PreNMDARs regulate synapse-specific neurotransmitter release and synaptic plasticity.
PreNMDARs often enhance neurotransmission at specific rates of presynaptic neuron firing.
The expression of preNMDARs is developmentally regulated and influenced by sensory experience.
PreNMDARs are predominantly localized at presynaptic boutons.
The NMDAR subunits and downstream signaling cascades associated with preNMDARs are often distinct from postsynaptic NMDARs.
Astrocytes regulate preNMDARmediated plasticity and neurotransmission.
PreNMDAR function is disrupted in several neurological disorders and promises to be an important therapeutic target.
